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The detection of fingermarks on porous surfaces that have been wet is currently limited to 
only one routine technique, Physical Developer (PD). PD is a well-established fingermark 
development method that has a plethora of issues associated with its use, principally based 
around the preparation and relative instability of the working solution and lack of contrast on 
dark substrates as it is non-luminescent. While these issues have been mostly addressed at an 
operational level, in-depth chemical remedies for the PD process cannot be devised because 
the mechanisms and specific targets of PD remain largely unknown. This highlights the need to 
understand the fundamental chemistry of the technique to recognise what may be improved 
and what complementary detection methods could be applied to ensure that the maximum 
number of available fingermarks are developed in casework. 
This research has also considered nile red (NR), a technique known to develop fingermarks on 
porous substrates that have been wet that remain undeveloped by treatment with PD. An 
investigation of the optimisation of the NR working solution was undertaken. An oil-in-water 
microemulsion containing NR was prepared using the solvent-diffusion method. The optimized 
NR solution was demonstrated to be effective in developing fresh latent fingermarks. The 
working solution is prepared with the slow addition of a NR in dichloromethane stock solution 
to a dual surfactant solution to create a lactescent dual organic-aqueous phase intermediate. 
Stirring promotes the evaporation of the solvent, resulting in a transparent NR microemulsion. 
The solution contains less hazardous solvents than the previously published formulation, with 
an extended shelf life and at a much lower cost. The optimized microemulsion was shown to 
outperform a previously reported aqueous nile blue working solution on both natural and 
groomed fingermarks, with shorter exposure times for image capture after development. 
The storage, ageing and concentration of the components of a PD working solution was 
evaluated to determine the most effective formulation and protocol for the use of PD. A more 
thorough understanding of the working solution components of PD has allowed a refinement 
of the development method and the formulation itself, resulting in increased development 
success and a better understanding of when fingermarks will and will not be effectively 
developed by the technique. A revised PD working solution formulation and development 





An investigation of the chemical targets of PD contained in latent fingermark deposits through 
reactivity assessments of various lipid, eccrine and lipid–eccrine mixtures in the residue was 
undertaken. Experimental results showed that silver deposition from the PD working solution 
occurs in the presence of an emulsion of both lipid and eccrine constituents. PD was 
interestingly shown to also be reactive towards emulsions of oleic acid and water, indicating 
that the silver deposition may occur as a result of nucleation sites at the emulsion phase 
boundary, or as a result of desorption of constituents from the substrate that promote silver 
reduction. These results explain the anomalies seen with the selective development by PD of a 
proportion of fingermarks on a substrate, and the development of other fingermarks by other 
techniques when used in sequence, such as Oil Red O (ORO) or NR. A consideration of the 
various processes that emulsions undergo also helps to rationalise the fluctuating 
developmental effectiveness of PD on ageing fingermarks. 
A better understanding of the PD technique permits a more informed selection of alternative 
or complementary detection methods. This research provides further insight into not only the 
application of the PD technique but, more importantly, into the reasons behind the observed 
development. This increased understanding highlights the need to sequence PD with a lipid 
sensitive technique, such as NR, for the development of latent fingermarks on porous 
substrates that have been wet as the two techniques have discrete and complementary 
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